Structured abstract: Introduction: Early diagnosis of postural control defi ciencies facilitates implementation of an individual rehabilitation plan to prevent falls. The aim of the study was to assess the risk of falling in individuals with visual impairments, and to compare performance-based and theoretical limits of stability in subjects with various risks of falling. Meth ods: The study was comprised of 23 participants with severe visual impair ments. The risk of fall was assessed with the Step Test. Performance-based limits of stability were measured with the Advanced Mechanical Technology, Inc. (AMTI) platform, and theoretical limits of stability were calculated based on the height of the center of mass (COM) and maximum body sway leaning angles. Results: COM displacement values, corresponding to performance-based limits of stability, in individuals with visual impairments whose risk of falling was classified as high were significantly lower than the theoretical values (p < .05). Similar differences were not observed in participants with visual impairments whose risk of falling was assessed as low. Individuals from the low-risk group showed significantly higher values of performance-based limits of stability than the participants from the highrisk group (p < .01 for medio-lateral direction and p < .05 for forwardbackward direction). Discussion: Nearly half of young people with visual impairments are at increased risk of falling. Such persons showed lower performance-based limits of stability than participants with visual impair ments with a low risk of falling. Performance-based limits of stability in individuals with visual impairments with a high risk of falling are lower than their theoretical limits of stability. Implications for practitioners: The fact that nearly half of young people with visual impairments are at an increased risk of falling necessitates implementation of preventive measures in this group, as well as among individuals who are blind.
of efficient methods to detect individuals at increased risk of falling (Park, Jung, & Kweon, 2014; Vance, Healy, Galvin, & French, 2015) , fall-risk assessment in the elderly (Rogers, Rogers, Takeshima, & Is lam, 2003; Stone, Skubic, Rantz, Abbott, & Miller, 2015) , and the effectiveness of train ing and physiotherapy programs for the im provement of balance and fall prevention (Pata, Lord, & Lamb, 2014; Saeko et al., 2013) .
The risk of falling is not limited solely to older persons, however; it also applies to younger subjects who have various conditions associated with body instabil ity, such as Parkinson's disease (Brown et al., 2006; Vance et al. 2015) , multiple sclerosis (Cameron, Horak, Herndon, & Bourdette, 2008; Nilsagård, von Koch, Nilsson, & Forsberg, 2014) , neurological disorders (Salsabili, Bahrpeyma, Forogh, & Rajabali, 2011) , and sensory disorders (Ivers, Cumming, Mitchell, & Attebo, 1998; Schmid, Nardone, De Nunzio, Schmid, & Schieppati, 2007) .
The risk of falling may increase con siderably due to visual impairments. The results of previous studies analyzing postural stability of people who are vi sually impaired imply that the loss of vision exerts detrimental effects on pos tural control (Giagazoglou et al., 2009; Ray & Wolf, 2008) . The inability to use visual information lowers postural sta bility and prevents the visual assess ment of one's own body position in space (Friedrich et al., 2008; Giagazo glou et al., 2009) . As a result, people with visual impairments experience se rious difficulties while executing motor activities and avoiding obstacles (Na kata & Yabe, 2001; Schmid et al., 2007) . Previous studies that have as sessed the risk of falling in individuals who are visually impaired have only investigated the older population (Ev ans et al., 2002; Ivers et al., 1998; Pou lain & Giraudet, 2008) . Available evi dence suggests that older people with visual impairments are particularly ex posed to the risk of falling (Anand, Buckley, Scally, & Elliott, 2003; Brooke-Wavell, Perrett, Howarth, & Haslam, 2002) . It is of note, however, that visual impairment is only one of many factors contributing to postural stability disorders in this group (Dhital, Pey, & Stanford, 2010; Rogers et al., 2003) . All persons who are visually im paired, irrespective of their age, expe rience difficulties in moving without as sistance, and are more prone to lose balance. These problems are related to total or partial loss of vision.
Posturographic examination provides valuable data for the risk of fall assess ment. In this context, the measurement of the center of pressure (COP) displace ment during maximal voluntary body leaning is particularly important, as it de termines one's limits of stability (LOS) (Błaszczyk, Hansen, & Lowe, 1993; Mel zer, Benjuya, & Kaplanski, 2004; Wool lacott & Shumway-Cook, 1996) . LOS are closely linked to the maximal body lean ing from vertical position that can be tol erated without the loss of stability. They determine an area within which one is able to adjust COP displacement without changing the supporting plane (that is, using ankle strategy and hip strategy). LOS can be also determined by theoreti cal calculations, without using posturo graphic measurements. Theoretical LOS computed based on maximum leaning an gles were established in a group of healthy, sighted adults. Although theoret ical LOS are adjusted for subjects' an thropometric characteristics, neither age nor health and the potential deviations thereof are considered (Jbabdi, Boissy, & Hamel, 2008; NeuroCom International, 2002) . Published evidence suggests that older persons and individuals with some pathological conditions such as Parkin son's disease do not reach their theoreti cal LOS during posturographic examina tion (Jbabdi et al. 2008; van Wegen, van Emmerik, Wagenaar, & Ellis, 2001) .
To the best of our knowledge, the risk of falling has not been assessed in young people who are visually impaired thus far, and none of the previous studies analyzed potential differences in theoretical and actual-that is, posturographically de termined-LOS in this group. There fore, the aim of this study was to assess the risk of falling in young persons who are visually impaired, and to compare their performance-based and theoretical LOS.
We hypothesized that due to the lack of visual information, the performancebased LOS of persons who are visually impaired are lower than their theoretical LOS. Moreover, we expected that partic ipants with visual impairments with a high risk of falling may show signifi cantly lower values of performance-based LOS than individuals who are visually impaired with a low risk of falling.
Methods

PARTICIPANTS
The study was comprised of 23 individu als with severe visual impairments (15 women and 8 men, mean age: 32.4, SD 5.6 years), with a visual acuity of 0.1 to 0.05 (World Health Organization [WHO], 2010), free from other comorbidities. The severity of vision loss was assessed based on an ophthalmological examination. All participants were recruited from the Pol ish Association of the Blind. The protocol of the study was approved by the Local Bioethics Committee at Karol Mar cinkowski University School of Medical Sciences in Poznan (decision no. 561/11), and written informed consent to partici pate was sought from all the study subjects.
RISK OF FALLING ASSESSMENT
The risk of falling was assessed with the
Step Test (Hill, Bernhardt, McGann, Mal tese, & Berkovits, 1996) , based on the number of completed cycles of putting down and picking up the foot of one lower limb on a 7.5-inch step within 15 seconds. The Step Test is a reliable, val idated clinical instrument for fall risk as sessment. Sensitivity and specificity of this test in older persons were estimated at 85% and 88 -100%, respectively, and its positive predictive value was estimated at 86% (Dite & Temple, 2002) .
The test was conducted by a physio therapist experienced in working with persons who are visually impaired. Prior to the test, the subjects were familiarized with its procedure and all necessary in struments. Two groups were identified, based on the outcome of the Step Test and reference values proposed by Isles, Choy, Steer, and Nitz (2004) , according to whom the results below 18 discriminate the risk of falling in healthy adults: • the low-risk group, comprised of 11 persons with visual impairments whose results in the Step Test were equal to 18 or higher.
Somatic characteristics of subjects from the two groups and results of the Step Test are shown in Table 1 .
PROCEDURES
Determination of performance-based LOS
The test was conducted with the AccuGait System posturographic force plate (AMTI model PJB-101, Waterdown, MA). All measurements were taken with open eyes. Each measurement lasted for 60 seconds. The test was conducted at a sampling rate of 100 Hz. Raw data were filtered out by order with a Chebyshev low-pass filter with a 10-Hz cut-off frequency (Ruhe, Fejer, & Walker, 2010) . Then, the COM signal was isolated from the purified COP signal as previously described by Błaszczyk (2008) . According to Stem plewski, Maciaszek, Osiński, & Szeklicki (2011), test-retest reliability for all pa rameters related to stability limits is high.
Test description
Immediately before taking the measure ments, the participants were informed about the test procedures and were famil iarized with the technique used to perform body sways on the posturographic force plate. Each participant performed the test three times. The measurement was started in a natural, relaxed upright position. At the instructor's command "lean forward as far as possible," the participant leaned forward as far as possible and then returned to the starting upright position. Then, using an analogous procedure, the participant leaned backward, to the left, and to the right, al ways as far as possible (Błaszczyk et al., 1993; Riley, Mitra, Stoffregen, & Turvey, 1997; Schieppati, Hugon, Grasso, Nardone, & Galante, 1994) . The leanings were per formed with an upright trunk, to the point at which the participant was still able to main tain balance without assistance and with no necessity to step forward. The points defin ing extreme COM positions were analyzed during maximal voluntary leaning of the body in two directions: forward-backward (FB) and medio-lateral (ML).
The following parameters related to COM leanings were assessed: performance-based LOS(FB) [cm] ; the distance between the maximum COM displacements in FB direc tion; and performance-based LOS(ML) [cm] (that is, the distance between the maximum COM displacements in ML direction). 
CALCULATION OF THEORETICAL LOS
STATISTICAL ANALYSES
Statistical analyses were carried out with STATISTICA 10.0 software (StatSoft Inc., Tulsa, OK). Statistical significance of all tests was defined as p < .05. Sta tistical significance of intergroup differ ences in somatic parameters and results of the Step Test in individuals with visual impairments with low and high risk of falling were verified with one-way anal ysis of variance (ANOVA) with "group" factor. The significance of differences in limits of stability in participants with vi sual impairments with high and low risk of falling was determined with two-way ANOVA with "LOS" factor (theoretical LOS, performance-based LOS) and "group" factor (low falling risk, high fall ing risk). After determination of interac tion effect for the two-way model, Bon ferroni post hoc tests were conducted to identify all potential inter-and intragroup differences.
Results
ANOVA for COM displacements in the front ML direction documented statistically significant interaction effect, F (1, 42) = 12.02, p < .001, 1 2 = .22 (see Figure 1 ). Statistically significant differences (p < 0.01) were found between theoretical LOS(ML) and performance-based LOS(ML) values for the high-risk group. COM dis placement values in ML direction deter mined in this group were markedly lower than the theoretical values. Similar differ ences were not observed in the group of visually impaired persons with low risk of falling. Moreover, as shown on post hoc analysis, individuals from the low-risk group showed significantly higher values of performance-based LOS in ML direction than participants with high risk of falling (p < .01).
The same phenomenon was observed during examination in forward-backward direction, F (1, 42) = 6.88, p = .012, 1 2 = .14 (see Figure 2) . Again, performancebased LOS(FB) in participants with vi sual impairments with high risk of falling turned out to be significantly lower than Figure 1 . Mean values for limits of stability (LOS) in medio-lateral direction, along with the results of two-way ANOVA for the LOS factor (performance-based, theoretical) and group factor (low fall risk, high fall risk).
the theoretical LOS(FB) (p = .01). The statistically significant (p < .05) higher values of performance-based LOS in the low-risk group as compared to performance-based LOS in the high-risk group was observed.
Discussion
The aim of this study was to assess the risk of falling in young people with visual impairments, and to compare their performance-based and theoretical LOS.
A decrease in COP displacement dur ing maximal voluntary body leaning is interpreted as a reduced level of postural stability and a marker of increased risk of falling (Błaszczyk et al., 1993) . The area of COP displacement during maximal voluntary body leaning has been studied extensively in older persons (Błaszczyk at al., 1993; Holbein-Jenny, McDermott, Shaw, & Demchak, 2007) . This parame ter was shown to decrease with age and to correlate inversely with COP displace ment in the coronal and sagittal planes during voluntary standing (Holbein-Jenny et al., 2007) . Haibach, Lieberman, & Pritchett (2011) analyzed the area of COP displacement during maximal body leaning in young subjects with visual impairments. They showed that persons who are visually impaired showed sig nificantly lower limits of stability than their sighted peers. However, no signif icant differences in LOS were found between persons who are visually im paired and blind.
The results of the Step Test conducted within the framework of our study imply that more than half of persons who are visually impaired may be at increased risk of falling. Importantly, the participants whose risk of falling was classified as high on the basis of the Step Test showed sig nificantly lower values of COM displace ment during maximal body leaning than individuals from the low-risk group. Up to 75% of persons with visual impairments with a high risk of falling and only 27% of participants with visual impairments with a low risk did not reach their theoretical LOS during the measurement of COM displace ment at maximal body leaning. Fearn et al. (2010) used the same meth odology to assess the risk of falling in individuals with hemophilia. Similar to our study, the results of the Step Test were consistent with posturographic find ings. Individuals with hemophilia showed significantly lower LOS than healthy con trols, and the results of the Step Test (mean 11.65) implied that they were also more prone to fall.
In this study, we compared actual performance-based LOS of individuals with high and low risk of falling with their theoretical LOS derived from lean ing angles. Statistically significant differ ences between performance-based and theoretical LOS were found only in the high-risk group. In that group, per formance-based LOS in both forwardbackward and medio-lateral direction turned out to be significantly lower than respective theoretical LOS. During LOS posturographic measurements, people with visual impairments with a high risk of falling achieved 78% and 77% of their theoretical LOS in FB and ML directions, respectively. In turn, older persons partic ipating in a study conducted by Jbabdi et al. (2008) reached 72% and 54% of their theoretical LOS in forward-backward and medio-lateral direction, respectively. It is worth mentioning, however, that in the latter study, COP displacement area dur ing maximal voluntary body leaning was determined with visual-motor feedback; that is, the subject was to move the point representing COP displacement to a strictly defined position.
One potential methodological limita tion of this study seems to be the Step Test used for the risk of falling assess ment, since the validity of this instru ment has not been verified in partici pants with visual impairments thus far. However, to the best of our knowledge, no validated test exists for the risk of fall assessment in individuals who are visually impaired. Therefore, from a long list of instruments assessing the risk of falling, we have chosen an easy but still safe test as most suitable for people deprived of visual information. The results of this study should be in terpreted with caution due to a consid erable variance in subjects' BMI values. Further, every possible effort was made to eliminate potential confounding ef fects of age on the study findings.
Conclusion
Nearly half of young people with visual impairments are at increased risk of fall ing, which justifies implementation of re spective preventive measures in this group. Individuals with visual impairments and increased risk of falling showed lower performance-based LOS than participants who were visually impaired from the lowrisk group. During posturographic exami nation, a considerable fraction of persons from the former group were unable to reach their theoretical LOS derived from maxi mum leaning angles.
